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PERMEABLE CEMENT AND METHODS OF FRACTURING 
UTILIZING PERMEABLE CEMENT IN SUBTERRANEAN WELL BORES 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[001] The present invention relates to methods of stimulating a 
subterranean formation. More particularly, but not by way of limitation, the present 
invention relates to methods of fracturing subterranean formations utilizing a fracturing 
fluid comprising a permeable cement composition that may be used as a propping agent. 

2. Description of the Prior Art 

[002] Hydraulic fracturing techniques are commonly used to stimulate 
subterranean formations to enhance the production of desirable fluids therefrom. In a 
conventional hydraulic fracturing process, a fracturing fluid is pumped down a well bore 
and into a fluid-bearing formation. The fracturing fluid is pumped into the formation 
under a pressure sufficient to create or enlarge fissures in the formation. Packers can be 
positioned in the well bore as necessary to direct and confine the fracturing fluid to the 
portion of the subterranean formation which is to be fractured. Typically, fracturing 
pressures range from about 1,000 psi to about 15,000 psi or more, depending on the depth 
and the nature of the formation being fractured. 

[003] Fracturing fluids used in conventional hydraulic fracturing 
techniques include: fresh water, brine, liquid hydrocarbons, gelled water, or gelled brine. 
The fracturing fluid may contain a viscosifying or gelling agent to increase its viscosity. 
The fracturing fluid typically also will contain a proppant that will be deposited in the 
fractures. Commonly used proppants include particulate materials like sand, walnut 
shells, glass beads, metal pellets, and ceramic beads. These may or may not be coated 
with a curable resin or used in conjunction with a tackifying agent. The proppants are 
deposited in the resultant fractures to prevent the fractures from closing so as to enhance 
the flow of desirable fluids to the well bore. 

[004] When the fracturing fluid comprising proppant particles is in place 
in the formation and the pumping operation is discontinued, the proppant material will 
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typically settle within the gelled aqueous carrier fluid to some degree before the fractures 
close. As a result of this settling, the proppant pack may form at an interval different 
than the desired interval. Further, the gelling agents (e.g., polysaccharides such as guar 
and its derivatives) used in these fracturing fluids can form residues in the proppant pack 
and in the surrounding formation area which may reduce fluid conductivity. 

[005] Additionally, conventional hydraulic fracturing techniques have 
generally not been effective in unconsolidated formations. An unconsolidated formation 
will typically have little or no strength. When such a formation is subjected to a 
conventional hydraulic fracturing procedure, the formation particulate material tends to 
move and reconsolidate. Consequently, a substantial quantity becomes mixed with the 
proppant, which thereby reduces the permeability of the proppant bed. Alternatively, the 
proppant will sometimes simply become embedded in the formation, which is also 
undesirable. Further, due to the typically high initial permeability of an unconsolidated 
formation, the fluid component of a fracturing fluid/proppant mixture will tend to 
separate from the proppant and leak into the formation. When such separation occurs, 
generally it is difficult to then establish a sufficient hydraulic fracture able to pass and 
transport the proppant. As a result, the proppant will not be placed in the fissures at 
sufficient distances from the well bore and in sufficient concentrations to yield a 
substantial increase in flow capacity. 

[006] There have been attempts to use cement compositions as propping 
agents to maintain the integrity of subterranean fractures. Cement compositions are 
desirable in this application because of their high strength and low cost. In conventional 
methods, such cement compositions when used as propping agents often contain 
particulate carbonate salts. In theory, when removed from the cement composition at 
some point before the cement composition has substantial compressive strength, the 
resultant cement matrix has some degree of permeability, which allows formation fluids 
to flow to the well bore. Carbonate salts, however, require an acid to dissolve out of the 
cement composition. Acid treatment is unreliable because acid tends to find the path of 
least resistance within the cement composition, which results in uneven distribution or 
coverage of acid and resultant removal of carbonate salt particulate. Thus, the resultant 
permeability is not sufficient for hydrocarbon production. Moreover, the use of acid 
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undermines the integrity of the cement by destabilizing the structure of the cement 
matrix, thus weakening the cement strength or consolidation. 
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SUMMARY OF THE INVENTION 

[007] The present invention relates to methods of stimulating a 
subterranean formation. More particularly, but not by way of limitation, the present 
invention relates to methods of fracturing subterranean formations utilizing a fracturing 
fluid comprising a permeable cement composition that may be used as a propping agent. 

[008] One method of stimulating a subterranean formation of the present 
invention comprises the following steps: preparing a permeable cement composition 
comprising a hydraulic cement, water, and a degradable material capable of undergoing 
an irreversible degradation downhole; injecting the permeable cement composition into 
the subterranean formation at a pressure sufficient to create a fracture in the subterranean 
formation; and allowing the permeable cement composition to form a proppant matrix 
having voids in the fracture. 

[009] One method of maintaining the integrity of a fracture in a 
subterranean formation comprises the following steps: placing a permeable cement 
composition comprising a hydraulic cement, water, and a degradable material capable of 
undergoing an irreversible degradation downhole in the fracture, and allowing the 
permeable cement composition to form a permeable cement proppant matrix in the 
fracture. 

[010] A method of forming a permeable cement proppant matrix in a 
fracture in a subterranean formation comprises the steps of: placing a permeable cement 
composition comprising a hydraulic cement, water, and a degradable material capable of 
undergoing an irreversible degradation downhole in the fracture, and allowing the 
permeable cement composition to form a permeable cement proppant matrix in the 
fracture. 

[011] An embodiment of a fracturing fluid of the present invention 
comprises a hydraulic cement, water, and a degradable material capable of undergoing an 
irreversible degradation downhole. 

[012] One embodiment of the permeable cement compositions of the 
present invention comprises a hydraulic cement, water, and a degradable material capable 
of undergoing an irreversible degradation downhole. 
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[013] The objects, features and advantages of the present invention will 
be readily apparent to those skilled in the art upon a reading of the description of the 
preferred embodiments which follows. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[014] The present invention provides improved well stimulation methods 
wherein the well stimulation fluid also acts as a formation stabilizer and/or consolidation 
aid. The well stimulation fluids of the present invention do not contain materials that, for 
example, would contaminate potable water aquifers and other formations. Moreover, the 
well stimulation fluids of the present invention will form and fill fissures extending some 
distance from the well bore, will not leave undesirable residues, emulsions, and the like, 
and may exert relatively low hydrostatic pressures on weak subterranean formations. 
Also, because of its desirable fluid efficiency, e.g., negligible fluid loss to the formation, 
relatively low pump rates or hydraulic horsepower is necessary to perform the fracturing 
treatment. 

[015] A permeable cement composition of the present invention is 
provided in the present invention which forms a permeable cement proppant matrix in a 
fracture in a subterranean formation, inter alia, to maintain the integrity of the fracture 
and prevent the production of particulates with well fluids. The permeable cement 
compositions of the present invention are prepared on the surface (either on-the-fly or by 
a pre-blending process), and then injected into the subterranean formation and/or into 
fractures or fissures therein by way of a well bore under a pressure sufficient to perform 
the desired function. When the fracturing or placement process is completed, the 
permeable cement composition is allowed to set in the formation fracture(s). A sufficient 
amount of pressure may be required to maintain the permeable cement composition 
during the setting period, inter alia, to prevent the composition from flowing out of the 
formation fractures. When set, the resultant permeable cement proppant matrix is 
sufficiently permeable to allow oil, gas, and/or other formation fluids to flow 
therethrough, but will not allow the migration of substantial quantities of undesirable 
particulates to the well bore. Moreover, the resultant permeable cement proppant matrix 
has sufficient compressive strength to maintain the integrity of the fracture(s) in the 
formation. 

[016] The matrix has sufficient strength to substantially act as a propping 
agent, e.g., to maintain the integrity of the fracture(s) in the formation to enhance the 
conductivity of the formation. Importantly, while acting as a propping agent, the matrix 
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also provides permeable flow channels within the formation which facilitate the flow of 
desirable formation fluids to the well bore. In some embodiments, the permeable cement 
proppant matrix will have a permeability ranging from about 0.1 darcies to about 50 
darcies; in other preferred embodiments, the permeable cement proppant matrix will have 
a permeability of above about 10 darcies. 

[017] The permeable cement compositions of the present invention 
comprise a hydraulic cement, water, and a degradable material that is capable of 
undergoing an irreversible degradation downhole. The term "irreversible" as used herein 
means that the degradable material once degraded downhole, should not recrystallize or 
reconsolidate while downhole, e.g., the degradable material should degrade in situ but not 
recrystallize or reconsolidate in situ. The terms "degradation," "degradable", and the like 
when used herein refer to both the two relatively extreme cases of hydrolytic degradation 
that the degradable material may undergo, i.e., heterogeneous (or bulk erosion) and 
homogeneous (or surface erosion), and any stage of degradation in between these two. 
This degradation may be a result of, inter alia, a chemical or thermal reaction or a 
reaction induced by radiation. 

[018] The degradable material is incorporated into the permeable cement 
composition and becomes distributed throughout the resultant cement proppant matrix, 
most preferably uniformly, as the cement proppant matrix forms. After the requisite time 
period dictated by the characteristics of the particular degradable material utilized, the 
degradable material undergoes an irreversible degradation. This degradation, in effect, 
causes the degradable material to substantially be removed from the proppant matrix. As 
a result, voids are created in the proppant matrix. These voids enhance the permeability 
of the matrix, which results in, inter alia, enhanced fracture conductivity. Enhanced 
fracture conductivity enhances well productivity, as well productivity is a function of, 
inter alia, fracture conductivity. In certain preferred embodiments, these voids are 
channel-like and interconnected so that the permeability of the matrix is enhanced. 

[019] A variety of hydraulic cements are suitable in the compositions and 
methods of the present invention, including those comprised of calcium, aluminum, 
silicon, oxygen, and/or sulfur, which set and harden by reaction with water. Such 
hydraulic cements include, but are not limited to, Portland cements, pozzolanic cements, 
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gypsum cements, high alumina content cements, silica cements, and high alkalinity 
cements. Portland cements are generally preferred. In some embodiments, the Portland 
cements that are suited for use in conjunction with the present invention are classified as 
Class A, B, C, G, and H cements according to American Petroleum Institute, API 
Specification for Materials and Testing for Well Cements, API Specification 10, Fifth 
Ed., July 1, 1990. Another useful cement for certain embodiments of the present 
invention include a cement that is commercial available under the tradename 
"THERMALOCK™" from Halliburton Energy Services, Inc., in Duncan, Oklahoma, and 
described in U.S. Patent No. 6,488,763, herein incorporated by reference. The cement 
component of the compositions of the present invention comprises about 20% to about 
70% of the weight of the composition. 

[020] Low-density cements are also suitable for use in the compositions 
and methods of the present invention. Such low-density cements may be foamed cements 
or may be cements whose density has been reduced by another means including 
microspheres, low-density elastic beads, or other density-reducing additives. If a low- 
density cement is utilized, then a mixture of foaming and foam stabilizing surfactants 
may be used if appropriate. One of ordinary skill in the art with the benefit of this 
disclosure will recognize when such agents should be used. Generally, if included, the 
mixture of foaming and foam stabilizing surfactants may be included in the cement 
compositions of the present invention in an amount in the range of from about 1% to 
about 5% by volume of water in the composition. 

[021] The water utilized in the cement compositions of this invention can 
be fresh water, salt water (e.g., water containing one or more salts dissolved therein), 
brine (e.g., saturated salt water), or seawater. Generally, the water can be from any 
source provided that it does not contain an excess of compounds that adversely affect 
other components in the permeable cement composition. The water preferably is present 
in an amount sufficient to form a pumpable slurry. More particularly, the water is present 
in the cement compositions in an amount in the range of from about 15% to about 40% 
by weight of hydraulic cement therein, more preferably in an amount of about 20% to 
about 35%. 
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[022] Optionally, a dispersant may be included in the permeable cement 
compositions of the present invention. If used, the dispersant should be included in the 
composition in an amount effective, inter alia, to aid in dispersing the cement and the 
degradable material within the permeable cement composition. In certain embodiments, 
about 0.1% to about 5% dispersant by weight of the composition may be suitable. In 
other embodiments, a different range may be suitable. Examples of suitable dispersants 
include but are not limited to naphthalene-sulfonic-formaldehyde condensates, acetone- 
formaldehyde-sulfite condensates, and flucano-delta-lactone. One of ordinary skill in the 
art with the benefit of this disclosure will be able to determine whether use of a dispersant 
is beneficial and how much should be used. 

[023] In order to prevent fluid loss from a permeable cement 
composition of this invention during placement, optionally, a fluid loss control additive 
can be included in the composition. Examples of suitable cement slurry fluid loss control 
additives that are liquids or that can be dissolved in a liquid include but are not limited to 
modified synthetic polymers and copolymers, natural gum and their derivatives and 
derivatized cellulose and starches. If used, the fluid loss control additive generally is 
included in the resin composition in an amount sufficient to inhibit fluid loss from the 
cement composition. In some embodiments, the fluid loss additive is present in an 
amount ranging from about 0% to about 25% by weight of the composition. 

[024] Other additives such as accelerators {e.g., triethanolaminic 
calciumchloride, potassium chloride, sodium formate, sodium nitrate, and other alkali and 
alkaline earth metal halides, formates, nitrates, and carbonates), retardants {e.g., sodium 
tartrate, sodium citrate, sodium gluconate, sodium itaconate, tartaric acid, citric acid, 
gluconic acid, lignosulfonates, and synthetic polymers and copolymers, thixotropic 
additives), suspending agents, or the like may also be included in the permeable cement 
compositions. 

[025] In some embodiments, e.g., where the methods of the present 
invention are being used to stimulate a consolidated or semi-consolidated formation, an 
amount of conventional proppant materials may be added to the permeable cement 
composition of the present invention. As used herein, the terms "consolidated" and 
"semi-consolidated" refer to formations which have some degree of relative structural 
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stability as opposed to an "unconsolidated" formation, which has relatively low structural 
stability. When subjected to a fracturing procedure, such formations may exert very high 
fracture closure stresses. The proppant material may aid in maintaining the fractures 
propped open. If used, the proppant material must be of a sufficient size to aid in 
propping the fractures open, but should not negatively impact the permeability of the 
permeable cement proppant matrix. The general size range is about 10 to about 80 U.S. 
mesh. In certain preferred embodiments, the proppant may have a size in the range from 
about 12 to about 60 U.S. mesh. Typically, this amount will be substantially less than the 
amount of proppant material included in a conventional fracturing fluid process. The 
proppant should not be included in an amount in the composition that would negatively 
impact the permeability of the permeable cement proppant matrix. 

[026] Nonlimiting examples of degradable materials that may be used in 
conjunction with the present invention include but are not limited to degradable 
polymers, dehydrated salts, and/or mixtures of the two. 

[027] As for degradable polymers, a polymer is considered to be 
"degradable" herein if the degradation is due to, inter alia, chemical and/or radical 
process such as hydrolysis, oxidation, or UV radiation. The degradability of a polymer 
depends at least in part on its backbone structure. For instance, the presence of 
hydrolyzable and/or oxidizable linkages in the backbone often yields a material that will 
degrade as described herein. The rates at which such polymers degrade are dependent on 
factors such as the type of repetitive unit, composition, sequence, length, molecular 
geometry, molecular weight, morphology {e.g., crystallinity, size of spherulites, and 
orientation), hydrophilicity, hydrophobicity, surface area, and additives. Also, the 
environment to which the polymer is subjected may affect how it degrades, e.g., 
temperature, presence of moisture, oxygen, microorganisms, enzymes, pH, and the like. 

[028] Suitable examples of degradable polymers that may be used in 
accordance with the present invention include but are not limited to those described in the 
publication of Advances in Polymer Science, Vol. 157 entitled "Degradable Aliphatic 
Polyesters" edited by A.-C. Albertsson. Specific examples include homopolymers, 
random, block, graft, and star- and hyper-branched aliphatic polyesters. 
Polycondensation reactions, ring-opening polymerizations, free radical polymerizations, 
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anionic polymerizations, carbocationic polymerizations, coordinative ring-opening 
polymerization, and any other suitable process may prepare such suitable polymers. 
Specific examples of suitable polymers include polysaccharides such as dextran or 
cellulose; chitin; chitosan; proteins; aliphatic polyesters; poly(lactide); poly(glycolide); 
poly(e-caprolactone); poly(hydroxybutyrate); poly(anhydrides); aliphatic polycarbonates; 
poly(orthoesters); poly(amino acids); poly(ethylene oxide); and polyphosphazenes. Of 
these suitable polymers, aliphatic polyesters and polyanhydrides are preferred. 

[029] Aliphatic polyesters degrade chemically, inter alia, by hydrolytic 
cleavage. Hydrolysis can be catalyzed by either acids or bases. Generally, during the 
hydrolysis, carboxylic end groups are formed during chain scission, and this may enhance 
the rate of further hydrolysis. This mechanism is known in the art as "autocatalysis," and 
is thought to make polyester matrices more bulk eroding. 

[030] Suitable aliphatic polyesters have the general formula of repeating 
units shown below: 

r r i 




Formula I O 

where n is an integer between 75 and 10,000 and R is selected from the group consisting 
of hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, and mixtures thereof. Of the 
suitable aliphatic polyesters, poly(lactide) is preferred. Poly(lactide) is synthesized either 
from lactic acid by a condensation reaction or more commonly by ring-opening 
polymerization of cyclic lactide monomer. Since both lactic acid and lactide can achieve 
the same repeating unit, the general term poly(lactic acid) as used herein refers to formula 
I without any limitation as to how the polymer was made such as from lactides, lactic 
acid, or oligomers, and without reference to the degree of polymerization or level of 
plasticization. 
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[03 1 ] The lactide monomer exists generally in three different forms: two 
stereoisomers L- and D-lactide and racemic D,L-lactide (meso-lactide). The oligomers of 
lactic acid, and oligomers of lactide are defined by the formula: 



HO 

Formula II 

where m is an integer: 2<m<75. Preferably m is an integer: 2<m<10. These limits 
correspond to number average molecular weights below about 5,400 and below about 
720, respectively. The chirality of the lactide units provides a means to adjust, inter alia, 
degradation rates, as well as physical and mechanical properties. Poly(L-lactide), for 
instance, is a semicrystalline polymer with a relatively slow hydrolysis rate. This could 
be desirable in applications of the present invention where a slower degradation of the 
degradable particulate is desired. Poly(D,L-lactide) may be a more amorphous polymer 
with a resultant faster hydrolysis rate. This may be suitable for other applications where 
a more rapid degradation may be appropriate. The stereoisomers of lactic acid may be 
used individually or combined to be used in accordance with the present invention. 
Additionally, they may be copolymerized with, for example, glycolide or other 
monomers like e-caprolactone, l,5-dioxepan-2-one, trimethylene carbonate, or other 
suitable monomers to obtain polymers with different properties or degradation times. 
Additionally, the lactic acid stereoisomers can be modified to be used in the present 
invention by, inter alia, blending, copolymerizing or otherwise mixing the stereoisomers, 
blending, copolymerizing or otherwise mixing high and low molecular weight 
polylactides, or by blending, copolymerizing or otherwise mixing a polylactide with 
another polyester or polyesters. 

[032] Plasticizers may be present in the polymeric degradable materials 
of the present invention. The plasticizers may be present in an amount sufficient to 
provide the desired characteristics, for example, (a) more effective compatibilization of 
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the melt blend components, (b) improved processing characteristics during the blending 
and processing steps, and (c) control and regulation of the sensitivity and degradation of 
the polymer by moisture. Suitable plasticizers include but are not limited to derivatives 
of oligomeric lactic acid, selected from the group defined by the formula: 



Formula III 




where R is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a mixture thereof and 
R is saturated, where R 1 is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a 
mixture thereof and R 1 is saturated, where R and R f cannot both be hydrogen, where q is 
an integer: 2<q<75; and mixtures thereof Preferably q is an integer: 2<q<10. As used 
herein the term "derivatives of oligomeric lactic acid" includes derivatives of oligomeric 
lactide. In addition to the other qualities above, the plasticizers may enhance the 
degradation rate of the degradable polymeric materials. The plasticizers, if used, are 
preferably at least intimately incorporated within the degradable polymeric materials. 

[033] Aliphatic polyesters useful in the present invention may be 
prepared by substantially any of the conventionally known manufacturing methods such 
as those described in U.S. Patent Nos. 6,323,307; 5,216,050; 4,387,769; 3,912,692; and 
2,703,3 16, the relevant disclosure of which are incorporated herein by reference. 

[034] Polyanhydrides are another type of particularly suitable degradable 
polymer useful in the present invention. Polyanhydride hydrolysis proceeds, inter alia, 
via free carboxylic acid chain-ends to yield carboxylic acids as final degradation 
products. The erosion time can be varied over a broad range of changes in the polymer 
backbone. Examples of suitable polyanhydrides include poly(adipic anhydride), 
poly(suberic anhydride), poly(sebacic anhydride), and poly(dodecanedioic anhydride). 
Other suitable examples include but are not limited to poly(maleic anhydride) and 
poly(benzoic anhydride). 
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[035] The physical properties of degradable polymers depend on several 
factors such as the composition of the repeat units, flexibility of the chain, presence of 
polar groups, molecular mass, degree of branching, crystallinity, orientation, etc. For 
example, short chain branches reduce the degree of crystallinity of polymers while long 
chain branches lower the melt viscosity and impart, inter alia, elongational viscosity with 
tension-stiffening behavior. The properties of the material utilized can be further tailored 
by blending, and copolymerizing it with another polymer, or by a change in the 
macromolecular architecture (e.g., hyper-branched polymers, star-shaped, or dendrimers, 
etc.). The properties of any such suitable degradable polymers (e.g., hydrophobicity, 
hydrophilicity, rate of degradation, etc.) can be tailored by introducing select functional 
groups along the polymer chains. For example, poly(phenyllactide) will degrade at about 
l/5th of the rate of racemic poly(lactide) at a pH of 7.4 at 55°C. One of ordinary skill in 
the art with the benefit of this disclosure will be able to determine the appropriate 
functional groups to introduce to the polymer chains to achieve the desired physical 
properties of the degradable polymers. 

[036] Dehydrated salts may be used in accordance with the present 
invention as a degradable material. A dehydrated salt is suitable for use in the present 
invention if it will degrade over time as it hydrates. For example, a particulate solid 
anhydrous borate material that degrades over time may be suitable. Specific examples of 
particulate solid anhydrous borate materials that may be used include but are not limited 
to anhydrous sodium tetraborate (also known as anhydrous borax), and anydrous boric 
acid. These anhydrous borate materials are only slightly soluble in water. However, with 
time and heat in a subterranean environment, the anhydrous borate materials react with 
the surrounding aqueous fluid and are hydrated. The resulting hydrated borate materials 
are highly soluble in water as compared to anhydrous borate materials and as a result 
degrade in the aqueous fluid. In some instances, the total time required for the anhydrous 
borate materials to degrade in an aqueous fluid is in the range of from about 8 hours to 
about 72 hours depending upon the temperature of the subterranean zone in which they 
are placed. Other examples include organic or inorganic salts like acetate trihydrate. 

[037] Blends of certain degradable materials may also be suitable. One 
example of a suitable blend of materials is a mixture of poly(lactic acid) and sodium 
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borate where the mixing of an acid and base could result in a neutral solution where this 
is desirable. Another example would include a blend of poly(lactic acid) and boric oxide. 
Other materials that undergo an irreversible degradation may also be suitable, if the 
products of the degradation do not undesirably interfere with either the conductivity of 
the permeable cement proppant matrix or with the production of any of the fluids from 
the subterranean formation. 

[038] In choosing the appropriate degradable material, one should 
consider the degradation products that will result. These degradation products should not 
adversely affect other operations or components. The choice of degradable material also 
can depend, at least in part, on the conditions of the well, e.g., wellbore temperature. For 
instance, lactides have been found to be suitable for lower temperature wells, including 
those within the range of 60°F to 150°F, and polylactides have been found to be suitable 
for well bore temperatures above this range. Also, poly(lactic acid) may be suitable for 
higher temperature wells. Dehydrated salts may also be suitable for higher temperature 
wells. 

[039] Also, we have found that a preferable result is achieved if the 
degradable material degrades slowly over time as opposed to instantaneously. Even more 
preferable results have been obtained when the degradable material does not begin to 
degrade until after the permeable cement proppant matrix has developed some 
compressive strength. The slow degradation of the degradable material helps, inter alia, 
to maintain the stability of the proppant matrix. 

[040] The specific features of the degradable material may be modified 
to provide the permeable cement proppant matrix with optimum conductivity while 
maintaining its desirable propping agent capability. Preferably, the degradable material 
is selected to have a size, and shape to maintain substantial uniformity within the mixture. 
Whichever degradable material is utilized, the degradable materials may have any shape, 
depending on the desired characteristics of the resultant voids in the proppant matrix 
including but not limited to particles having the physical shape of platelets, shavings, 
flakes, ribbons, rods, strips, spheroids, toroids, pellets, tablets, or any other physical 
shape. The physical shape of the degradable material should be chosen so as to enhance 
the desired shape and relative composition of the resultant voids within the proppant 



15 



matrix. In certain preferred embodiments, a rod-like particle shape is used to create 
interconnecting channel-like voids in the permeable cement proppant matrix. One of 
ordinary skill in the art with the benefit of this disclosure will recognize the specific 
degradable material and the preferred size and shape for a given application. 

[041] The concentration of the degradable material in the permeable 
cement composition ranges from about 5% to about 70%, based on the weight of the 
cement in the mixture. A concentration of degradable material between about 20% and 
about 65% by weight of the proppant is preferable. Additionally, the relative amounts of 
the degradable material in the permeable cement composition should not be such that 
when degraded, an undesirable percentage of voids result in the permeable cement 
proppant matrix making the proppant matrix potentially ineffective in maintaining the 
integrity of the fracture. One of ordinary skill in the art with the benefit of this disclosure 
will recognize an optimum concentration of degradable material that provides desirable 
values in terms of enhanced conductivity or permeability without undermining the 
stability of the proppant pack itself. 

[042] The permeable cement compositions of the present invention can 
be injected into the subterranean formation at lower pressures using less costly 
equipment. Rates of less than 15 barrels/minute, preferably less than 10 barrels/minute, 
are suitable. 

[043] An example of the methods of the present invention includes the 
following steps. A permeable cement composition of the present invention is prepared 
(either on-the-fly or by a preblending process) that comprises a hydraulic cement, water, 
and a degradable material. The permeable cement composition is injected into the 
subterranean formation at a sufficient pressure to create a fracture in the formation. The 
permeable cement composition is allowed to set in the fracture, whereby the composition 
fills and forms a permeable cement proppant matrix therein. After the permeable cement 
proppant matrix has been formed in the well bore, the well is produced and the permeable 
cement proppant matrix acts, inter alia, to maintain the integrity of the fractures within 
the formation and allow formation fluids to flow into the well bore. Produced liquids and 
gases are allowed to flow through the permeable cement proppant matrix, but formation 
sands in the formation are substantially prevented from passing through the matrix. 
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[044] Thus, the present invention is well adapted to carry out the objects 
and attain the ends and advantages mentioned as well as those that are inherent therein. 
While numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit of this invention as defined by the appended claims. 
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